Cerebral ischaemia reperfusion (I/R) triggers a complex series of biochemical events that lead to formation of reactive oxygen species (ROS) and the impairment of enzymatic mechanisms, which result in tissue oxidative stress. This study investigated the effect of some neuroprotective drugs such as vinpocetine, cinnarizine, pyritinol, and rosiglitazone on oxidative stress and cell death biomarkers occurred during experimental brain ischemia/reperfusion injury in rats. Adult male albino Wistar rats were subjected to 1 hr of brain ischaemia followed by reperfusion for 2 hr. Rats were orally treated with aqueous suspension of vinpocetine (3 mg/kg), cinnarizine (7 mg/kg), pyritinol (55 mg/kg), and rosiglitazone (0.5 mg/kg), after 1 hr of ischaemia. Brain superoxide dismutase (SOD), glutathione (GSH), and malondialdhyde (MDA) contents and serum nitric oxide (NO), lactate dehydrogenase (LDH), catalase (CAT), and glucose-6-phosphate dehydrogenase (G6PDH) levels were quantified at the end of the experiment. I/R injury caused a significant decrease in the activity of brain SOD, GSH contents and serum CAT level. It caused a significant increase in serum NO, LDH, G6PDH levels, and brain MDA content in comparison with the sham-operated group. Vinpocetine and rosiglitazone reversed all these biochemical indices. Pyritinol reversed all these biochemical indices except serum NO, and G6PDH. Cinnarizine could not affect brain MDA, serum NO and CAT levels. Both vinpocetine and rosiglitazone may be potent neuroprotective agents against experimental brain I/R injury in rats. Cinnarzine and pyritinol showed a marked neuroprotective activity but less than both drugs.
INTRODUCTION
Acute ischaemic stroke is the third leading cause of death in industrialized countries (Lo et al., 2003) and the most frequent cause of permanent disability in adults worldwide. In the western world, over 70٪ of individuals experiencing a stroke are over 65 years of age (Donnan et al., 2008) . The most common cause of stroke is the sudden occlusion of a blood vessel by a thrombus or embolism, resulting in an almost immediate loss of oxygen and glucose to the cerebral tissue due to loss of blood circulation, resulting in a corresponding loss of neurological function. In most cases, the cause is atherothrombosis of large cervical or intracranial arteries, or embolism from the heart. Deficits can include partial paralysis, difficulties with memory, thinking, language, and movement. Within seconds to minutes after the loss of blood flow to a region of the brain, the ischaemic cascade is rapidly initiated, which comprises a series of subsequent biochemical events that eventually lead to disintegration of cell membranes and neuronal death at the center / core of the infarction. Ischaemic stroke begins with severe focal hypoperfusion that leads to excitotoxicity and oxidative damage which in turn cause microvascular injury, blood brain barrier dysfunction and initiate post-ischaemic inflammation. These events all exacerbate the initial injury and can lead to permanent cerebral damage (Lakhan et al., 2009) .
Two principal types of clinical cerebral ischaemia are recognized, focal and global cerebral ischaemia. Focal cerebral ischaemia occurs when a ISSN 1110-5089 Vol. 23, Issue. 2, pp, 1-15 2 reduction or cessation of blood flow to a localized area of the brain, and occurs due to large-vessel disease (such as embolic or thrombotic arterial occlusion, often in a setting of atherosclerosis) or to small-vessel disease (such as vasculitis). Focal ischaemia may also accompany other acute brain insults, such as intracerebral haemorrhage or trauma (Dugan & choi, 1999; Traystman, 2003; and Frosch et al., 2005) . Whereas, global cerebral ischaemia occurs when there is a generalized reduction of cerebral perfusion. It occurs in cases such as cardiac arrest, shock, and severe hypotension. Various animal models have been developed to investigate the pathophysiology and treatment of cerebral ischaemia (Ginsberg & Busto, 1989; and Ahmed et al., 2000) . The use of animals rather than humans in the study of ischaemic injury has the advantage of the feasibility to be physiologically controlled so that the resulting injury is reproducible and variability is also limited as possible. These models also allow careful dissection of potential mechanisms of injury and neuroprotection and take in consideration timing of the events that occur after the ischaemic insult. However, it should be clearly understood that none of these models exactly mimics cerebral ischaemia in humans (Dietrich, 1998; and Traystman, 2003) .
Vinpocetine which is related to the Vinca minor alkaloid vincamine is a potent neuroprotective agent for the prevention and treatment of central nervous disorders of cerebrovascular origin. Its beneficial clinical effects are based on a wide range of mechanisms including antioxidant, vasodilating and neuroprotective effects (Bönöczk et al., 2000; and Vas & Gulyás, 2005) . It has a well documented effect on cerebral glucose metabolism and blood flow (Tretter & Adam-Vizi, 1998 ). Cinnarizine is a piperazine derivative first used as antihistaminic. Later on, it was found to have a sedative as well as a peripheral antivasoconstrictor. It is a selective Ca 2+ channel blocker that widely used in the treatment of cerebral and vascular insufficiency (Singh, et al., 1985) . It has been shown to protect isolated perfused rat liver against warm ischaemia and reperfusion (Konrad et al., 1995) and also to be neuroprotective (De Haan et al., 1993; and Gunn et al., 1994) .
Pyritinol is a nootropic drug (cognition-enhancing agent) used in cognitive disturbances to improve cerebral functions. It is a potent scavenger of hydroxyl free radicals and the antioxidant properties of the drug are responsible for many of the benefits of pyritinol (Genkova-Papazova et al., 1994). It is useful in protecting brain cells from hypoxia, aiding recovery from head injury and stroke (Jaiswal et al., 1990; Toledano & Bentura, 1994; and Stoppe et al., 1995) .
Thiazolidinediones are used clinically as insulin sensitizers to treat type 2 diabetes. However, it is known that various thiazolidinediones provide a potent protective effect against ischaemic/reperfusion injury of the heart and other peripheral organs by attenuating the inflammatory response (Nakajima et Vanella et al. (1990) . Rats were anaesthetized with i.p. injection of urethane (1.3 g/ kg). A midline incision was made in the neck and both common carotid arteries were exposed and carefully freed from the surrounding tissues and autonomic innervation. Blood flow through both carotid arteries was interrupted by their clamping using removable miniclips for one hour. Reperfusion is done by declamping of both carotid arteries for 2hr allowing the blood to recirculate. Temperature was maintained during the experiment using a heat lamp placed above the head of the animal to avoid cerebral hypothermia which protects brain against ischaemic injury (Seif-ElNasr et al., 1992).
Classification of animals:
The rats were divided into 6 groups (7 in each). The first is the ischaemic group in which rats were subjected to 1 hr of brain ischaemia then reperfusion for 2 hr. The second is the sham-operated control group in which the rats were anaesthetized and subjected to all surgical manipulations without occlusion of the carotid arteries. Then the 4 group were randomly distributed and received a freshly prepared aqueous suspension of vinpocetine (3 mg/kg), cinnarizine (7 mg/kg), pyritinol (55 mg/kg), and rosiglitazone (0.5 mg/kg), administered orally after one hour of brain ischaemia. 4. Preparation of tissue and serum samples: At the end of the reperfusion period, rats were sacrificed by decapitation. Skulls were split on ice and the whole brain of each animal was rapidly isolated, washed with ice cold saline, blotted dry and weighed. Then the brain was homogenized in ice cold bidistilled water using Teflon homogenizer (Glas-Col homogenizer, Terre Haute, USA). Homogenization was carried out in an ice chilled glass homogenizing cup for three periods each of 5 seconds to avoid overheating of the tissue. The brain homogenate was divided into three aliquot. The first aliquot of 0.5 ml of the homogenate was mixed with 1 ml ice cold 5% sulfosalicylic acid solution (Abd-ElGawad and El-Sawalhi, 2004) and left in an ice bath for complete precipitation for about 2 hours. The tubes were then centrifuged at 2500 xg for 30 minutes at 4• C and the supernatant was used for (GSH) analysis. The second aliquot of one ml of the homogenate was mixed with 1 ml ice cold 2.3% KCl solution and centrifuged at 600 xg for 20 minutes at 4
• C to remove the cell debris and the supernatant was used for MDA analysis (Uchiyama and Mihara, 1978) . The third aliquot of 0.5 ml of the homogenate was diluted in ice-cold 0.25 M sucrose to approximately 10% w/v and centrifuged at 4000 rpm for 10 minutes at 4
• C and the supernatant was used for (SOD) analysis (Nishikimi et al., 1972) . Blood samples were collected, in clean dry centrifuge tubes, from the retro-orbital plexus using microcapillary tubes as described by Sorg and Buker, (1964 Johansson and Borg, (1988) . Serum Nitrite (NO) was determined using a colorimetric method as described by Montgomery and Dymock, (1961) . Serum (LDH) was determined using a fixed rate kinetic method as described by Pesce, (1984) . Serum (G6PDH) was assayed spectrophotomerticaly by the method of Kornberg and Horecker, (1955) .
Statistical analysis:
Results were represented as mean ± standard deviation of the mean (S.D.M). Results were statistically analyzed by one-way analysis of variance (ANOVA) with multiple comparisons using posthoc analysis and differences were considered significant at p < 0.05.
RESULTS

Effect on the activity of brain superoxide dismutase (SOD), and glutathione (GSH) contents:
The results of the present study showed that, ischaemia/reperfusion induced a significant decrease in the activity of brain SOD and GSH contents compared to the sham-operated group. Brain SOD activity was 28.9 ± 4.3 u/g in the ischaemic group vs 44.6 ± 5.1 u/g in the sham-operated group and Brain GSH activity was 22.1 ± 6.5 μmol/g in the ischaemic group vs 38.1 ± 14.4 μmol/g in the sham-operated group. Administration of vinpocetine (3 mg/kg), cinnarizine (7 mg/kg), pyritinol (55 mg/kg), or rosiglitazone (0.5 mg/kg), showed a significant increase in brain SOD and GSH in ischaemic rats and restored the reduced brain SOD and GSH to the sham-operated value. Brain SOD activity was 62.5 ± 7.78, 55.8 ± 7.7, 60.7 ± 7, 60.7 ± 10.2 u/g respectively and Brain GSH activity was 55 ± 11.3, 40.1 ± 16.5, 38.8 ± 7.2, 48.8 ± 12.6 μmol/g respectively (table1).
Effect on brain malondialdhyde (MDA) content:
The results of the present study revealed that, ischaemia/reperfusion showed a significant increase in brain MDA content compared to the shamoperated group. Brain MDA content was 70.3 ± 18.6 nmol/g in the ischaemic group vs 45.8 ± 18.6 nmol/g in the shamoperated group. Administration of vinpocetine (3 mg/kg), pyritinol (55 mg/kg), or rosiglitazone (0.5 mg/kg), reduced the elevated brain MDA content to the sham-operated value. Brain MDA content was 47.1 ± 19.9, 51.98 ± 10.7, 48.9 ± 9.7 nmol/g respectively. (table1). 
Effect on the activity of serum catalase (CAT) level:
Ischaemia/reperfusion injury in rats caused a significant decrease in the activity of serum CAT compared to the shamoperated group. Serum CAT level was 34.3 ± 4.7 u/l in the ischaemic group vs 74.9 ± 16.9 u/l in the sham-operated group. Administration of vinpocetine (3 mg/kg), pyritinol (55 mg/kg), or rosiglitazone (0.5 ISSN 1110-5089 Vol. 23, Issue. 2, pp, 1-15 2 mg/kg), showed a significant increase in serum CAT activity compared to ischaemic group and was able to restore the reduced CAT level to the shamoperated value. Serum CAT level was 60.9 ± 24.7, 56.7 ± 19.1, 72.2 ± 36.4 u/l respectively (Fig. 1) . 
Effect on serum nitric oxide (NO) level:
Rats subjected to ischaemia/ reperfusion had a significant increase in serum NO level compared to the shamoperated group. Serum NO level was 59.1± 13.6 nmol/l in the ischaemic group vs 13.5 ± 2.7 nmol/l in the sham-operated group. The administration of vinpocetine (3 mg/kg), or rosiglitazone (0.5 mg/kg), showed a significant decrease in serum NO level compared to ischaemic group. Serum NO level was 43.7 ± 13.98, 21.3 ± 6.7 nmol/l respectively (Fig. 2) . 5. Effect on the activity of serum lactate dehydrogenase (LDH) and glucose-6-phosphate dehydrogenase (G6PDH) levels:
Rats subjected to ischaemia/reperfusion had a significant increase in the activity of serum LDH and G6PDH compared to the shamoperated group. Serum LDH level was 590 ± 74.1 u/l in the ischaemic group vs 339.3 ± 63.8 u/l in the sham-operated group and Serum G6PDH level was 0.139 ± 0.05 mu/ml in the ischaemic group vs 0.075 ± 0.017 mu/ml in the sham-operated group. Administration of vinpocetine (3 mg/kg), cinnarizine (7 mg/kg), pyritinol (55 mg/kg), or rosiglitazone (0.5 mg/kg), showed a significant decrease in serum LDH activity compared to ischaemic group. Rosiglitazone administration reduced the elevated serum LDH to sham-operated value. Serum LDH level was 426 ± 64.3, 404 ± 76, 465 ±108.7, 379.3 ± 82.7 u/l respectively (Fig. 3) . The previous drugs also significantly reduced the elevated serum G6PDH level in ischaemic rats except pyritinol where there was no significant change. Serum G6PDH level was 0.081 ± 0.013, 0.067 ± 0.017, 0.079 ± 0.008 mu/ml respectively (Fig. 4) . 
DISCUSSION
In the present study, rats subjected I/R showed a significant decrease in brain SOD and GSH contents as well as serum CAT activity. During reperfusion, these endogenous antioxidative defenses are likely to be ineffective. The perturbation of the antioxidant defense mechanisms during reperfusion may be summarized as the result of overproduction of oxygen radicals Homi et al. (2002) who demonstrated that SOD activity was reduced in all brain regions following I/R injury, also they demonstrated that in the earlier of ischaemia reperfusion there is a condition that predisposes hippocampus and striatum to oxidative damage, that cause a decrease in the activities of both catalase and SOD, thus may lead to extensive and latter damage. Tokuda et al. (1993) suggested that hydrogen peroxide, which is the dismutation product of superoxide anions, may inactivate SOD with a modification in histidine residue located in the active site of the enzyme. In the current work, GSH content was significantly reduced due to ischaemic insult. This could be explained by the consumption of GSH due to scavenging of the rapidly generated reactive oxygen species following ischaemia (Al-Majed et al., 2006).The decrease in GSH level in the present work is supported by the study of Khan et al. (2009) who reported that bilateral common carotid artery occlusion causes neural damage by overproduction of free radicals, which might cause oxidative damage to the lipid and protein cell membrane. Therefore, it ultimately leads to a decrease in GSH content and activation of antioxidant enzymes. The observed reduction in CAT level as a result of I/R injury is in agreement with other previous studies which demonstrated a decrease in the enzyme activity after transient forebrain ischaemia gerbil model (Yokoyama et al., 2004) .
The decrease in CAT activity in the present study may be explained by the attack of ROS to the active site of the enzyme as reported by Homi et al., (2002) .
The results also showed that, brain MDA was significantly elevated in ischaemic rats, which might reflect increased ROS generation and/or decreased destruction. Brain tissue is highly susceptible to oxidative damage because of its high oxygen consumption, its high concentrations of polyunsaturated fatty acids (PUFAs), which are the prime targets for free radical attack, its high content of iron and its low levels of antioxidants (Floyd & Carney, 1992; and Skrzydlewska et al., 1998).
The present study revealed that, NO level was significantly increased due to ischaemic insult. Rao et al. (1998) reported that NO level increased rapidly in traumatic brain injury and in global transient cerebral ischaemia in gerbils. The rapid increase in NO production during ischaemia is expected to be due to activation of the constitutive forms of NOS (nNOS and eNOS). However, constitutive forms of NOS produce small amounts NO in short time (Malinski et They also demonstrated that, cerebral ischaemia might be able to shunt glucose metabolism into the pentose phosphate pathway by inhibition of aerobic glycolysis thus leading to an increase in G6PDH activity. Cinnarizine is a selective Ca 2+ channel blocker widely used in the treatment of cerebral and vascular insufficiency (Singh et al., 1985) . The present study demonstrated that cinnarizine treatment significantly restored the reduced brain GSH in ischaemic rats to the shamoperated value. This observation is in agreement with the study of Serrano et al. (2005) who observed increased GSH/GSSG ratio in the striatum of female parkin knock-out mice. Cinnarizine a diphenyl piperazine derivative may exert its antioxidant effect due to its capacity to concentrate in the lipid bilayer thus protects membrane phospholipids against oxidative injury (Gonçalves et al., 1991) . Thus the neuroprotective effect of cinnarizine in our study may be attributed to its antioxidant effect and this is confirmed by the increase in brain GSH and SOD contents. However, it couldn't affect either serum CAT level or brain MDA content and this observation is in agreement with previous studies mentioned that cinnarizine couldn't affect MDA production at any concentration after mitochondrial swelling induced by high Ca 2+ intake (Elimadi, et al., 1998). LDH and G6PDH levels were significantly reduced by cinnarizine treatment. This may be attributed to inhibition in hexose monophsphate level and improvement of glycolysis that reduces the influence of ischaemia on energy
The present study showed that Pyritinol significantly increased GSH, SOD, and CAT levels. This effect may be attributed to its antioxidant effect. Many previous studies have demonstrated the scavenger properties of pyritinol. It could significantly reduce free radicals after oxidative stress induced by streptozotocin in diabetic rats. Pyritinol could reduce 4 damage markers; namely free carbonyls, dityrosine, malondialdhyde, and advanced oxidative protein products (Jiménez-Andrade et al., 2008), and it protected cell proteins by scavenging free radicals in vitro (Pavlík and Pilař., 1989). Also it significantly reduced brain MDA content in ischaemic rats (Jiménez-Andrade et al., 2008). Serum LDH was also reduced by pyritinol treatment. It was demonstrated that pyritinol possessed significant hydroxyl free radical scavenger activity in vitro (Pavlík and Pilař., 1989). Therefore, it could protect cartilage and synovial protein against free radical induced degradation (Wolff et al., 1986) . The same line of reasoning may be applied to some cases of stroke or brain trauma, where the generation of hydroxyl free radicals by reactive iron/oxygen radical complexes is (Halliwell and Gutteridge, 1986 ). Based on these results, we can suggest that the antioxidant effect of pyritinol by its scavenging properties may provide a neuroprotection activity against I/R injury.
Rosiglitazone, the most potent PPAR-γ agonist significantly restored the reduced brain GSH, SOD and serum CAT activity to the sham-operated value. These findings are consistent with other previous studies (Villegas et 
CONCLUSION
Cerebral I/R injury resulted in brain damage as a result of the formation of ROS such as NO and superoxide and the impairment of enzymatic defense mechanism such as GSH, SOD, and CAT, which resulted in tissue oxidative stress and impairment of brain energy metabolism as evidence by elevation of LDH and G6PDH levels. Vinpocetine and PPAR-γ agonist rosiglitazone are potent neuroprotective agents against experimental brain I/R injury in rats. They were able to ameliorate the damaged effect of cerebral I/R injury thereby attenuating oxidative stress in ischaemic rats. Cinnarzine and pyritinol showed a marked neuroprotective activity but less than the previous drugs. 
